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Abstract

In order to address two problems of running long-distance pipeline suspension crossing: 1) High
maintenance cost, which brings great economic burden during the operation; 2) The main struc-
ture of steel limited bridge span. In this paper, one new type of composite material FRP (Fibrous
Reinforced Polymer) was introduced into suspension bridge deck structure. The FRP sandwich
panel has many outstanding advantages, especially in terms of high strength-to-weight ratio and
low maintenance cost. One 3D solid model has been established by using LUSAS finite element
software to simulate the stress change of the bridge panel structure, and verify the feasibility of
applying FRP sandwich panel in bridge project. Studies have shown that displacement, strain, and
Hasin failure can meet the requirements of material properties, and can be used for long-distance
pipeline suspension crossing design instead of steel structure, and also, the greater thickness and
the smaller staggered angle of the glass fiber direction, the more strength of the structural.
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1. 51§

E AL 2 E T HAM BB BN, R R SIS 7%, AAERIAS [R5 T g
1TOR9E, BUAF T 8 RIRV SR T B T LA SEBR . (H 2 B B 52 A RH R T i S Aeod 4k T &
JEM B, WAFHESE AR . UTSRAE,  w EA A R M BURFZET N KA T R b X K T TR A
wR T, BTV LA E, OB Rk, BT A RS TR R 2, BBIER, K
NEEANTH R HIVE TR . N7 R H AU T R TR AN A M 1 KPR MRS R, 84T 4R E 2
TR R A, AR DA S S TR A S R, K FRP =2 IO R A AR SN T
BREEHE, FERTFTBR AT LUSAS A BRITHIN S N AR 58T, 38 1E A MR AT AT 1

S AEE R AR B RPSIIL TR, B 280 m, MR =R 1363 m. Mri ikl
KRB MEENIE R, AR 40 my MRS M T A AR BRI A 1) 4N %, N 345 m,
HEHN 1000 t; FAONTFATNLE, RAMDEERN 500 ; FREXHPWHMEIGE, HimA3.0m, HER
10.0m, FEEN1265t[1]
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2. LUSAS &5

LUSAS [2]/2 5 [EA6 ZUR 5 1970 EFF Rt il h 1A FR G PF, 52208 73l 2 8o MBI 7 2.
LUSAS A ] LA T 7125, 311 )25 3 DL R A s 27 ) o A SR e AR — AN PR, LUSAS Bridge
/LUSAS Bridge plus ##) 7z N 25 Fh R (IR & T RVEAS, GFETR SN BRI R .
WA F BRGS0 B0 WEERAR . SRIRJEEKR TN . 57 /AT AE 10 DN T 2%

3.FRP E6#H

TR 2519 (% FRP 2 & MR 4 2 BB A 4T A1 — 2R IO AR, THE I 2l ik
GEETE—D. AHXTILAATRE, JIRARME R I ) 2 PR A BRI AN A%, BT DAOE 1 S — P AR Y e
OMEL,  [FIB SRS AT 4RV E NTHE ) 2 N T FRP E A AR 3] [4] [5]

B [E GURIT A & 47 R 2 A B G-PET 80 [61#) V2 M F T FRP B &+ 8L, brvk R E N 15~150
mm, HIH RIFHSEAM . RPN, DURZERIAMRIEGE, TS, AN . REIOM
Fob 32 AR PR A T 2 M A RIS AS 1y 5 | R I B DD AR T 1 e

F TR IR AL B B LT 4ER B QE1203 [7]513K %0 G-PET 80 Fl& i H, ARiE/EE 1.4 mm, XFh
SIS T 44 TR B AT (RO P W Wi B J73% 0.6~0.8 kg/sqm, HLANS ARG S5 g . GURIT 257719 QE1203 FIE
FRP 4SSN, &2 A MRy, FE N TEL 3. AT B8ORS 30 A8 12 i
JIARSZRL N SRR R 77, FHUE RETE LA 1o

Table 1. G-PET 80 mechanical properties
& 1. G-PET 80 #li M #¢

Type Test Method Units Gurit G-PET™80
Kg/m® 80
Density ISO 845
Lb/f 5.0
Kg/m® 75-85
Density Range ISO 845
Lb/ft’ 4.7-53
MPa 0.96
Compressive Strength ASTM D1621-2010(ISO 844)
Psi 139
MPa 48
Compressive Modulus ASTM D1621-2010(ISO 844)
Psi 6962
MPa 77
Compressive Modulus ASTM D1621b-1973
Psi 11168
MPa 0.53
Shear Strength ASTM C273
Psi 77
MPa 13
Shear Modulus ASTM C273
Psi 1885
Shear Elongation at break ASTM C273 % 44
MPa 1.49
Tensile Strength ASTM D1623
Psi 216
MPa 89
Tensile Strength ASTM D1623
Psi 12908
°C 200
HDT DIN 53424
°F 392
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QE1203 FINUBPERE VE WL 2, £F4ES BRI 4ETT In) 2 e FPERe R U R R 3R . Rtk (SRR
(AR LF4E 7 LR EEMEHY 44%, Wi A MRS EEM BT 56%. K#E QE1203 HINRAVEM,
QE1203 5 Z¢ Iyl o] I BE 75 i8I PR OC R ISP NI BE RS . X R BB 4 220, i,
QE1203 (AN 4 |2, BEISLT 41045 BT 171 2 0°/90°/+45°/—45° . K, A TFEH 2 f& A 42 TR £F
YET71M 0, DR ER4E 77 1) I BSUB A 22 B B O T B 4

Table 2. Mechanical properties of QE1203
%2 2. QE1203 BYHHRUIEAE

Material Mechanical Properties

Project 3098
Material name QE1203 Emfv
Material type Stitched quadraxial
Fibre Volume Fraction 0.44
Longitudinal property Units
Longitudinal Tensile Modulus N/mm? 17210
Allowable Longl. Tensile Strength % 1.5
Longitudinal Tensile Strength N/mm? 258.2
Longitudinal compressive Modulus N/mm? 17210
Allowable Longl. Comp. Strain % 1.15
Longitudinal compressive Strength N/mm? 197.9
Transverse property
Longitudinal Tensile Modulus N/mm? 17210
Allowable Longl. Tensile Strain % 1.5
Longitudinal Tensile Strength N/mm? 258.2
Longitudinal compressive Modulus N/mm? 17210
Allowable Longl. Comp. Strain % 1.15
Longitudinal compressive Strength N/mm? 197.9
Shear properties 2910
Interlaminar Shear Modulus N/mm? 12
Allowable Interlam Shear Strain % 3 4 9
Interlaminar Shear Strength N/mm? ’
In-plane Shear Modulus N/mm? 6490
Allowable In-plane Shear Strain % 1.27
In-plane Shear Strength N/mm? 82.4
Poissons Ratio (longitudinal Strain) 0.355
Poissons Ratio (Transverse Strain) 0.355

4. Fl ot
SHAKMEIE IR KR KRR, DR, USR8
4.1. EELMEH

PRIEIE AR A - 5.53 kKN/m (JELH 18 © 813 x 28.6), 5.63 kKN/m (KA EIE 1016 x 22.9), 0.491 kN/m
(BT TE ©219.1x9.5), 1.8 kKN/m (B S H #), 4.22 kN/m (J5i), 0.45 kN/m (Bt «

4.2. KIETTE
TN BRI, TS Qi AUENE B I B TR E) (GB50459-2009) [91HK 2 kN/m?.
4.3. KERIEETE
BB, KA AR : 4.8 KN/m (B ETE), 7.5 KN/m CRARTVETE), 0.23 kKN/m (i & ).
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4.4. XfTE

R BRI L5 18, BRI AR 1 TH B A RGN 30.7 m/s, it TORAS bk b At th & o1 2
ARTHNY 27.02 m/se RIEATILFRHE (2 BRPHRBCTHEE) JTI D60-2004) [10], LA (A BRMFRHTR
B ATE) (JTG/T D60-01-2004) [117, b R 25 AT DL T 048 H -

th - KOK1K3WdAwh (1)
W, =K,K,KW, 2)

A
Ky: W EEDHSE REK, =1.0
K : W REK =13
K,: B, HPEEEMREK, =14

Wis
W, = 2e (3)
y: ZEREEKN/MY) y=1.25kN/m’
g BNIEEm/s®) g =9.81 m/s?
Vy = KKV, 4)
K, = 7 RE I TR A 2 88 o) RASH 52 JRU ) Rk v 2 AR A0 12 TE SR 3

K, PBERURGHE R 50
s MERRBTAE b X FE A i R (m/s)
M.ﬁﬁ@ﬂﬁ&m)
W, = KK KW, kN/m?
L25x(L2x143x3072)

2x9.81
=321kN/m? = 0.321 N/mm?

=1.0x1.3x1.4x

X F RIS, FRP JEOMF AR 1 B 2 51.6 mm, KU 51.6x1x0.321=16.5636 N/mm .
SHF KRR, FRP JE ORI 19 JE S A2 59.6 mm, RAAG#AZ 59.6x1x0.321=19.1316 N/mm .
X F R I8, FRP JEOMF IR (12 FE 2 23.6 mm, KU#iE 23.6x1x0.321=7.5756 N/mm .

5. BRI

FRP JCEAHCR H RIFRE RS 1220 x 2440 mm, 200 4 2T, JSHRIFEEZHN 51.6 mm.
F BRI [ KR MAT G, — MHBNTTER R FE 14 SO I AT /12 Re 7. FRP RS
BRI JLART S BE 58 SN 51.6 mme

RS G Fe A R e AR OB ) — AN R, IR R 4 P B LRSS B4 R G o0 T IR RS PR
WA E R 2, THEORSFE bk S, (R T (R 2 A S [ 12] 0 T S A D i i e A, TT
DA 25 B8 i v SORS B (R T BT (B AN 22 B RS s AR B 1 0 31— s RE R, v SRS FEAR A v, T
SIS IR LB G, It AFE B € s B8R IS AT X PN R SR 55 18 . A& AL 7% 4: Line 1 Mg AL
30 NMHLIT, line 2 WAL 30 NNHLJE, Line 3 MA&1L 8 MNHLJT, line 4 WAL 4 NN HLIT,

N T RIEE GBI E DT ) — 80, FEGIE—ANREAR R, PAIE A UM BHE PR ik 7
[ o
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LUSAS A LY G (M se AR S ARDRHE PE(ILAE 3), B —JR T LUE SCH R AR R M, SR b i
FEHNM, G-PET 80 11t AJCEH kL, [N QE1203 4k vt AHIM o BRI Ay SEAAASE Y (14 37 7 7 ) FE 77 1) |
AR, A B E MR E M N IERS & TR, 3 A BRI O IR z Ry 9000, BN
FAXSFA A7 IR, 47 IR 2 RS2V IR N 775 JHFA L yz A1 xz S5 FHFA LE xy0.355,

Table 3. System resulting data of standard experiment

= 3. NI RE R

Rt JefF: #IUE G-PET 80 TR : BEILT4E QE1203
A IEZE TS M A IEAZ T I 5

MR x 48 17210
IR MRy 48 17210
7 IR 2 48 9000
BIYIRCE xy 13 6490
LoR7IE S B yz 13 2910
YRR xz 13 2910
TAFALL xy 0.3 0.355
THIAEE VAR yz 0.3 0.355
TARALE xz 0.3 0.355

XTI, SCHE L BRI XA Z J7 M AR B R XT38 2. BRI X AN Z D5 AL 3
By WFSCHE 3 BRI X g B A EE, DUKR Y J7 ) RRER E s TS0 4. RS Y 5
ISR E R, PR X 5 A e

FRP IO 2 I 8B (L 1): B IR W, = 6.065 N/mm, Frf&fi#k w,, = 0.002 N/mm?,
KA # W, = 0.321 N/mm’.
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Figure 1. Model loading

B 1. RN
6. BIRTHIER
6.1. AT

AR TE B AN AT KRR AT E . PR, A FRTT (LA 2),
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KA IE FRP Je O A FI RSB 8N A A LA K, S KAZAE N 10,1644 mm, A& TF4F 0 AR AT VF Y

RIREE I Z A .
Loadcase 1: Loadcase 1 Scale: 1: 7.02552
Results file: FRP Sandwich Bridge Deck Panel.mys Zoom: 69.0277
Entity: Displacement Eye: (-0.48776,-0.72694, 0.483371)

Component: RSLT

Linear/dynamic analysis
Loadcase: 1:Loadcase 1

00 . Results file: FRP Sandwich Bridge Deck Panel. mys

1.12938
225876
3.38814

- 451752
5.6469
6.77628

790566
. 903503
Maximum 10.1644 at node 968 Contour minimum 0.0 at node 1
Minimum 0.0 at node 1

Contour entity: Displacement
Contour component: RSLT
Number of contours: 9
Contour interval: 1.12938

Contour maximum 10.1644 at node 968

Figure 2. Displacement analysis

2. (IR

6.2. A5

TEIIA MR TG (ILE] 3), I QE1203 B KK M. 77/ 72.9416 MPa, /N T8 /7 2K ZbritE 197.90 MPa;
BRHLR J1 7 41.8917 MPa, /NT-Ri 1 RbRAE 258.20 MPa, fix KBIN /172 3.9538 MPa, /INT-R f14e4k
F1fE 82.40 MPa.G-PET 80 15 K H ¥ 7752 0.5670 MPa, /N T~ 3 2k bk 0.96 MPa; 5z Ay N J142 0.1711
MPa, /INT-R SRR bRUE 1.49 MPa, #cKBYN /702 0.3121 MPa, /TR /R ZbRUE 0.53 MPa. BT LAKFTH
BRBEEAROM () B R B 381 b T A v R S 98 BB P

Loadcase 1: Loadcase 1
Results file: FRP Sandwich Bridge Deck Panel.mys

Scale: 1: 6.99376

' * Zoom: 66.0367
Entity: Stress - Solids Eye: (-0.540151, -0.696031, 0473052)
Component: SY Linear/dynamic analysis

Loadcase: 1:Loadcase 1
-71.6968

-62.7347
-53.7726

Contour entity: Stress - Solids

Contour component: SY
-26.8863

-17.9242
-8.9621

Number of contours: 9

Contour interval: 8.9621

Contour maximum 7.71732 at node 26727
Contour minimum -72.9416 at node 526

0.0

Maximum 7.71732 at node 26727
Minimum -72.9416 at node 526

Figure 3. Stress Analysis
3. NS

6.3. MEEBUEN
P R HE N[ 132465960 B & 2 EAR 2 3800T GE P A — AN S A s b, 32 EAHE Criterion 1 (747
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YRR < 1, Criterion 2 (JE A AEBEIR) < 1, Criterion 3 (7 /1B FAEIR) < 1, Criterion 4 (JE 715 I BEIR)
<1, B&WTF:

2 2 2
Oy, +612+G

X 52 E>1 (0, >0) (5)
o, 2X, (0,<0) (6)
2
(op+0y)  04-0y,0, o +07
2 = 33 23 Szzz 33 12S2 B>1 (o, +0y >0) 7
T 1 1

(ont0n) (L) |(lonton) on- o tor

Oy T 03 + < | _1 Oy T 03 482 7 %0%; +O'12+‘713 >1 8)
487 28, Y? s? S

(00 +035 <0) ©)

R, X, TAFT LR R
X VAT T LR (A
Y, 3 FLT 2R 4 i 3
Y, T P P4 1 PR
S, TR A1 1 7 5 3+
S, YT 5L 77 40 FR 000 3
FIRIEA M BRI, BRETR S b S R AN T 1, DA et R 2 A A

7. WA R
PR AR TR, FRP SR bR 1% it 7 & W7 4

Table 4. Design dimensions of FRP sandwich panel

5% 4. FRP REMIGIT R

FRP JE5 4R ]~

B MRS ERE
K B JEE
FRP Sandwich Pancl ) 100%
e o GIPERR)
JR A 8 1220 mm 2400 mm 51.6 mm . Giass Fibre Outer Layer QE1203
Angles
= 0
59.6 mm
SRS 122 24 .
FARSEIE 0 mm 00 mm S
F it H 1220 mm 2400 mm 23.6 mm

8. &it

HATER T, LRI Y 5 R K B AT S DR B Y T A RO A
S JRIRARI, ARSI AR 4 2, Y T 1) ORI N A T AR T e A M, Y T
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b

EN i35 > PN A AL VAR RPN 78 - Sl e A< o T TR e [t o7 G R = AN L Y 1 = AN D E R R =
ERFRER VRIS R . X 77 1) b Ry 73 A1t mr CLFAR (R AU REREAT e, BB IUJR AR R %
KN T, SRR AR S R RN Ay o AT XY PRSI, Z 5 18] 5 B e BR324
PNES VPRI IEANIAEOL N

TR I U B K 82 R0 5 B85 DU (4 B3R 23%~59% T 35 T A R e K I8 R0 2 33 U £ L e
N 35%~60%, [FII fi KL W F7 A e KB Y7745 0 Ohm B P 2 AR 4 A 38 3 7 W 5 DKL 7 R R
bt a, AT DU LIRS LU BB 2T AR A AR 32 5 K I B T R8O 70 T SE e 55, (2 T LUd i — &R 51
B AT it SRR IR, A HTBT VD3R L RE ) SR AL KL

F38bs T B LT AER) S BT ) R AR I OB U BE S i DA R K i T ) L TR
FRE S WIS, USRI BT YR ) S A D R AT PR YRR AT EL T 5 0°7/90°/+45°/-457,
XTI R B AR TR RE AT WIS 4R T, (G2 TR A AR 3R
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